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| ennard-Jones clusters

Pair potential: V(r) = 4e(r 12 - r )
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Critical temperatures

Mandelshtam,V.A.and Frantsuzov,P.A.,
Multiple structural transformations in Lennard - Jones clusters: Generic versus size-specific behavior,

J. Chem. Phys. 124, 204511 (2006)

e T =0.12 e/kg - solid-solid transition when the FCC structures give place to
icosahedral packing

e T = 0.18 e/ks - the outer layer melts while the core remains solid

e T = 0.35 e/ks - the cluster melts completely
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(Goals

e Analysis of the LJ38 network

e Comparison of three approaches

e the zero temperature asymptotic (the Large Deviation theory)

e the discrete Transition Path Theory

® a heuristic approach
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New developments

e Computational algorithm for

¢ finding the zero-temperature asymptotic path

e pbuilding the hierarchy of Freidlin’s cycles
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Settings

LJ38 network: 100000 minima and 138888 transition states
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Zero-temperature asymptotic

Freidlin (1977): in the case of multiple attractors the
system is reduced to a discrete-space continuous-time Markov chain and its dynamics
of the system is characterized by the hierarchy of cycles

In the case of gradient system (or a system with detailed balance)
the hierarchy of cycles acquires a simple structure:
each cycle (or macrostate) is exited via the lowest saddle adjacent to it.

The zero-temperature asymptotic pathway is defined by the following
property: the highest saddle separating any two states along it (not only
neighboring) is the lowest possible.

We will refer to it as the minimax pathway.
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The algorithm for finding the minimax path and
building the hierarchy of cycles

This algorithm recursively builds a tree of minimax edges
using, as a building block, the Dijkstra method with

Vv
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The hierarchy of cycles and the minimax pathway
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1 n «—————— The number of states in the smalest macrostate (cycle)

a b containing a and b.
(c.' ) The smallest macrostate (cycle) containing the states a and b.
r (¢, d) is the edge corresponding to the highest saddle in this macrostate.
m «———— The number o states in the largest macrostate (cycle)
containing the states o but not containing b.
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- 5 r =V(saddle separating ¢ and d) -V(the lowest minimum in the macrostate)
7,9
é.37f)> The average number of transitions between a and b per time unit is
logarithmically equivalent to exp(-r/T), where T is the temperature
2
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The discrete Transition Path Theory

Metzner, P., Schuette, Ch., and Vanden-Eijnden, E.,
Multiscale Model. Simul., 7, 3, 1192-1219 (2008)

Key concepts
- The committor function g( /) = the probability to reach B prior to A starting
from the state I; it solves

Z;Lijqj =0, ieS\(AUB)
je

q, =0, 1€A, q =1, ieB

-

ni(l_qi)Lquj’ 1 # ],

. AB _
- The reactive current  Jf; =31 .
0, otherwise

n-iLij(qJ'_qi)a q; >4,

0, otherwise

- The effective current £, =max{ f/* - f;*,0}= {
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The discrete TPT methodology

e Solve the committor equation

) Lg, =0, ieS\(AUB)

jes

q, =0, 1€A, q =1, 1€eB

¢ Find the reactive current and the effective current

ni(l_qi)Liqu'a i;/-'j,

0, otherwise

n-iLij(q]'_qi)a qj>6],-,

ﬁ.quB =
0, otherwise

fi= max{flf‘B - fjfB,O} = {
e Generate the reaction pathways

e Do statistical analysis of the reaction pathways

Thursday, October 4, 12



Transition Pathways
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The dominant representative pathways
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The width of the the reactive tube
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he most common highest saddles
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Sond-orientational order parameters

: 0, [21 12_\ <9<r>¢<r>\}

Yim'S are spherical harmonics,
the average is taken
over all bonds in cluster
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A heuristic approach

E(w)= z ¢'""" - the total cost along a pathway w
(i,))ew

u(i)=min E(w) - the value function is the minimum cost to get from A to i
w

Analogy with electric circuits

. V.IT
Resistance R, =mL,=e"

+

Electric current IZ.J. =f.

Electric potential ¢, =1—g,

WO cases where the heuristic approach Is exact
2)

[1s close to O
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The dominant representative pathways vs
the minimum resistance pathways

Vo=4, V1=3, Vo=1, T=1

Vo=5, V1=2, T=1
The dominant representative pathway:
<0,11>
The minimum resistance pathway:
<0,1,2,3,4,5,6,7,8,9,10,11>

The dominant representative pathway:
<0,4,5>
The minimum resistance pathways:
<0,1,2,5> and <0,1,3,5>
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Minimum resistance pathways
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Conclusions

e Fast and robust algorithm for computing the zero-temperature asymptotic pathway
and building the hierarchy of Freidlin’s cycles

e The zero temperature approach is good only for low temperatures T<0.065, where
the dominant representative pathway switches from the lowest possible highest
saddle (342,354), V=4.219, to the higher saddle (3223,354), V=4.352. At T=0.065,
the barrier (342,354) is 65 kgT.

e At T=0.12, where the solid-solid transition occurs, the zero-temperature approach is
no longer applicable. The transitions between ICO and FCC are still rare events, the
barrier is 35 kgT, but the temperature effects are significant.

¢ The heuristic approach at a given temperature tends to give an important pathway
at for a lower temperature.
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